Introduction
Preservation of fruits, vegetables, and food are essential for keeping them for a long time without further deterioration in the quality of the product. Drying is a simple process of moisture removal from a product in order to reach the desired moisture content and is an
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Journal homepage: http://www.ijcmas.com Preservation of fruits, vegetables, and food are essential for keeping them for a long time without further deterioration in the quality of the product. Solar drying has been used since time immemorial to dry plants, seeds, fruits, meat, fish, wood, and other agricultural, forest products. The aim of the dryer is mainly for the welfare of the marginalized and poor farmers those who can't afford hi-tech facilities and equipment's to preserve their agricultural products. Drying of Safed Musli (Chlorophypum boribilianum) in open sun drying require more time and affected its quality. In order to maintain quality and to increase sufficient temperature in the drying chamber during winter, morning and evening hours, a solar dryer assisted with reflector was designed. The main principle of this domestic solar dryer is based on greenhouse effect where the solar heat is trapped inside the drying chamber and thus increases the temperature in addition to reflected direct radiations. A domestic dryer assisted with reflector was designed and developed for drying of safed musli in batch. The dryer was fabricated as per design specification and its performance was evaluated in the Department of Unconventional Energy Sources and Electrical Engineering, Dr. PDKV, Akola. The paper deals with design, material and experimental techniques used for studying the performance evaluation of a domestic solar dryer assisted with reflector for drying of safed musli. At no load test without reflector the maximum temperature of 51.24°C was achieved in the afternoon and average temperature in the solar dryer was found to be 41.02°C at corresponding ambient temperature of 21.7°C, solar radiation 430.86 W/m 2 , relative humidity 23.26%, in the morning of December 2014. The maximum temperature recorded in December 2014 was 58.46 at 13.30 h. The average temperature of domestic dryer was found to be 44.22°C at ambient temperature of 31.3°C, relative humidity 31.7%, solar radiation 553.80 W/m 2 during the month of March 2015.The average moisture content of Safed Musli samples placed in T1, T2 and T3 trays reduced from 651.5 to 4.5, 654.7 to 7.7 and 656 to 14.5 % (db) in 8 h, respectively in domestic solar dyer integrated with reflector. The average moisture content of Safed Muslisample reduced from 613 to 7.8 % (db) in 12 h. Average drying rate was found to be 0.5526, 0.54103 and 0.53455 gm/100gm bdm min, respectively. The average drying efficiency of Safed Musli samples dried in domestic solar dryer with reflector was found to be 22.92 % respectively. energy intensive operation. Enormous amount of energy from the sun falls on the earth's surface. All the energy stored in the earth's reserve of coal, oil, and natural gas is matched by the energy from just twenty (20) days of sunshine. The energy in sunlight at noon in a cloudless day that falls on earth's surface is about 1000 kw/m 2 (Gutti et al., 2012) .
During drying, it is necessary to remove free moisture from the surface and also from the interior of the material. When hot air is blown over the product, heat is transferred to its surface and the latent heat of vaporization causes water to evaporate. Water vapour diffuses through a boundary film of air. This creates a region of lower vapour pressure at the surface of the grain and a water vapour gradient is established from the most interior part of the grain to the dry air. The gradient provides the driving force for removal of water from the food.
The main principle of this domestic solar dryer is based on greenhouse effect where the solar heat is trapped inside the drying chamber and thus increases the temperature. Drying of agricultural materials such as grains is a non-linear process with long time delay and considerable complexity. Therefore, it is very difficult to establish a precise mathematical model for grain drying control (Cao and Wang, 2002) . Although some mathematical models of drying process itself have been established, their structures are often too complex to be used for control model and hence effective control is very difficult to be realized (Marchant, 1985; Courtois et al., 1985) .
Cyclone type thin-layer dryer for drying agricultural materials developed by Apikar (2002) was introduced in the literature for drying study of some vegetables and fruits including potato, red pepper, apple, strawberry, and pumpkin.
Materials and Methods
The material and experimental techniques used for studying the performance of a domestic solar dryer assisted with reflector for drying of Safed Musli was discussed. The present research was initiated with the design and development of a domestic solar dryer assisted with reflector ( Figure 1 ).
Design and fabrication of domestic solar dryer assisted with reflector
The domestic solar dryer assisted with reflector was designed for drying Safed Musli. The stepwise procedure for design and development of domestic solar dryer assisted with reflector has been discussed as follows. Domestic solar dryer assisted with reflector consisted of following components:
1. A trapezoidal shaped drying chamber 2. A Reflector 3. A Chimney
Design considerations of domestic solar dryer assisted with reflector
The initial design and assumptions made for domestic solar dryer are given in table 1.
The design calculations for development of domestic solar dryer
The stepwise design calculations of domestic solar dryer for drying of Safed Musli are given as below. 
Volumetric air flow rate
The amount of air required to be expelled the desired moisture content from the drying chamber was estimated using the properties of 
Design of chimney
Chimney was designed on the basis of the flow of air in the dryer which takes place due to draught caused by the density difference between the ambient air and hot air inside the dryer and considering the height of the chimney 0.40 meter. The other components of the drying system like flat collector, chimney, grate, stand and inlet vent were fabricated according to the design dimensions.
Performance evaluation of domestic solar dryer with reflector
The performance of the domestic solar dryer assisted with reflector at no load and full load test.
No load testing of domestic solar dryer with reflector
No load test of domestic solar dryer with reflector was conducted without loading the Safed Musli samples in dryer. The test was conducted between 8:30 to 17:30 h. The variation in temperature, humidity and air velocity inside the domestic solar dryer with corresponding to ambient parameters were recorded at 30 min intervals to evaluate the performance of the system.
Full load testing of domestic solar dryer with reflector
In full load test the Safed Musli samples were spread over the perforated sheet. The initial weight of the samples was recorded. Each sample of 100 gm was weighted regularly at an interval of one hour and simultaneously the temperature, relative humidity, solar radiation and wind velocity inside the domestic solar dryer was measured. Drying was conducted between 8:30 to 17:30 h day for with reflector. The drying trays were loaded with 6 kg Safed Musli for its drying. Inside and outside air temperature, relative humidity and wind speed were recorded at one hour interval during the test run.
Drying characteristics of Safed Musli
The drying depends on simultaneous heat and mass transfer phenomena and factors dominating each process determine the drying behavior of the product (Agrawal et al., 2013) .
Determination of moisture content
Initial moisture content of sample was determined by the hot air oven drying method. Samples were taken and weighed using electronic weighing balance of least count 0.01g. The samples were placed in hot air oven at 80± 5°C for 8 h. The drying rates were computed from the experimental data and drying characteristics curves i.e. moisture content (db) vs drying time, drying rate and moisture ratio vs drying time.
Determination of drying rate
The drying rate, (m w ) was determined from the mass of moisture to be removed by solar heat and drying time.
Drying efficiency of dryer (η)
The drying efficiency of solar dryer is the ratio of heat gained to the heat input. The heat input was calculated by considering total solar radiation incident in aperture area of solar drier during total drying hours in day.
Economic analysis of the solar drying system
The economic viability of any system was calculated through economic analysis of the system. For the success and commercialization of new technology, it is essential to know whether the technology is economically viable or not. Therefore, an attempt was made to evaluate economics of designed solar drying system. Different economic indicators such as NPW, BCR and PP etc. were used in computing the economics of the system. The economic analysis was carried out by considering the following assumptions (Seveda et al., 2004) .
1. The capacity of the domestic solar dryer system was 6 kg per batch.
2. The total finished product was produced per batch at 7 % wb.
3. No. of batches performed in the domestic solar dryer system.
4. The average purchase price of freshly harvested Safed Musli was Rs. 250 per kg.
5. The average selling price of the Safed Musli powder was Rs 1200 per kg.
6. The cost of domestic solar dryer was Rs. 10,330 /-.
7. The useful life of domestic solar dryer system was 10 years.
8. The cost of labour was Rs.180 per day.
9. The annual repair and maintenance cost of the system was 10% of the system for every 3 years.
The fabrication cost of domestic solar dryer assisted with reflector is given in table 2.
Sensory Evaluation
Sensory evaluation was carried out to estimate qualities of Safed Musli produced by each drying method. For determining quality of Safed Musli, colour, taste and texture were the main attributes for estimating the quality and consumer acceptance of Safed Musli powder produced (Winkeler et al., 1974) . The overall quality of each dried sample was assessed by ten taste judge and asked to make categorical rating of the sample.
For sensory evaluation, the Safed Musli powder was placed in a coded paper and presented to all the ten judges. The parameters of the sensory evaluation were colour and appearance, texture, taste, overall acceptability. The judge was asked to evaluate the product on a hedonic scale (Guadogni et al., 1978) with the following rating table 3.
Statistical Analysis
In order to conduct the experiment in symmetric and efficient manner and keeping in view the levels of independent and dependent variables, the experiment were planned on completely randomized design (CRD). The effect of drying air temperature and quality of the dried product were analyzed statistically through two way analysis of variance (ANNOVA).
Results and Discussion
The domestic solar dryer assisted with reflector was designed for drying of 6 kg Safed Musli in a batch. The design specifications of domestic solar dryer assisted with reflector for drying of Safed Musli are computed as below (Amer et al., 2009) .
No load testing of domestic solar dryer with reflector
The temperature developed in the domestic solar dryer integrated with reflector at no load condition during day time was recorded. Figure 2 revealed that the reflector radiated solar radiation in the drying chamber during clear sunshine hours and therefore achieved more temperature in drying chamber of domestic dryer. The drying of Safed Musli was achieved in one day only (9:00 to 17:00 h). The average drying time requirment for drying of Safed Musli in domestic solar dryer with reflector was found less than other drying systems (Bolaji et al., 2011) .
Safed Musli were dried in domestic solar dryer and its drying characteristics were studied. The average moisture content of Safed Musli samples placed in T1, T2 and T3 trays reduced from 651.5 to 4.5, 654.7 to 7.7 and 656 to 14.5 % (db) in 8 h, respectively in domestic solar dyer integrated with reflector.
Whereas the average moisture content of Safed Musli sample reduced from 613 to 7.8 % (db) in 12 h for open sun drying in the month of March, 2015. Figure 3 revealed that the drying rate of Safed Musli dried in T1, T2 and T3 trays of domestic solar dryer integrated with reflector varied from 1.3384 to 0.0047, 1.2308 to 0.0224 and 1.2214 to 0.0254 gm/100gm bdm min, respectively Figure 3 revealed that the drying rate of Safed Musli dried in T1, T2 and T3 trays of domestic solar dryer integrated with reflector varied from 1.3384 to 0.0047, 1.2308 to 0.0224 and 1.2214 to 0.0254 gm/100gm bdm min, respectively and average drying rate was found to be 0.5526, 0.54103 and 0.53455 gm/100gm bdm min, respectively. Deshmukh et al., 2014) .
Drying efficiency of domestic solar dryer for drying of Safed Musli based on the experimental data was calculated by considering the total moisture evaporated during the drying process associated with total heat input and heat gained by the product. The average drying efficiency of Safed Musli samples dried in domestic solar dryer with, without reflector was found to be 22.92, 20.32 respectively (El-Sabaii and Shalaby, 2012) (Fig. 4) .
The data presented in table 5 indicate that the values obtained during sensory evaluation were significant for organoleptic characteristics like colour and appearance, texture, flavor and overall acceptability. On the basis of standard error mean, critical difference and coefficient of variance, the Safed Musli dried in domestic solar dryer was acceptable and good quality and found to be suitable for consumption (Muller and Heindll, 2006) .
Economics of domestic solar dryer for drying of Safed Musli
The economic feasibility of domestic solar dryer with reflector, without reflector and with shade net for drying of Safed Musli was calculated by considering initial investment, average repair and maintenance cost, cost of raw material. The average parameter was drawn on the basis of experimental results are given in table 6 (Kalbande et al., 2013) .
In conclusion, the experiment was conducted in the month of March 2015. In the drying study of Safed Musli drying time, drying rate and moisture ratio were determined in domestic dryer without reflector, with reflector. Domestic solar dryer system was designed as per designed specification with a solar collector area of 1.95 m 2 with drying chamber of size 1.5m × 1.0m × 0.65m, for drying capacity of 6 kg Safed Musli in a batch. The average drying efficiency of Safed Musli samples dried in solar domestic dryer with and without reflector was found to be 22.92 and 20.32 and drying time for 6 kg of Safed Musli for reducing its moisture content from 86 to 7% (wb) was found to be 8 h, 8.5 h respectively. Economic indicator viz., payback period with benefit cost ratio and Net Present Worth of the system for drying of Safed Musli in domestic solar dryer with reflector was found to 1 month, 1.68 and Rs. 78084.73, respectively. Since NPV is positive the drying in domestic dryer was economically viable.On the basis of sensory evaluation the safed musli dried in domestic dryer give better quality in terms of colour, texture, appearance and taste than the open sun dried samples and acceptable for consumption.
